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(54) One-pack type curable resin composition 

(57) A one-pack type curable resin composition 
having high adhesive strength to various substrates, 
good storage stability and excellent restoring properties 
is disclosed. The one-pack type curable resin composi- 
tion contains an organic polymer (a) having at least one 
reactive silicon group per molecule, a compound (b) 
having reactive silicon group in its molecule, a non- 
phthalate plasticizer (c) having no phthalate structure in 
its molecule, and a stannous curing catalyst (d). 
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Description 

[0001 ] This invention relates to a one-pack type curable resin composition comprising a polymer having at least one 
reactive silicon group. More particularly, it relates to a one-pack type curable resin composition which remains stable 
over a long period of time in a sealed state but cures upon exposure to moisture to give a rubbery substance. 
[0002] Generally known curing resin compositions are classified into one-pack type curable resin compositions 
which remain stable in a sealed state but cure when exposed to moisture, and two-pack ones which cure by mixing the 
main agent with a curing agent at a definite ratio before using. The one-pack type curable resin compositions possess 
a large advantage over the two-pack ones that no complicated mixing operation is needed. 
[0003] As these one-pack type curable resin compositions, there have been already known curable resin composi- 
tions containing organic polymers having silicon-containing groups (hereinafter also referred to as reactive silicon 
groups) which have hydroxyl group and/or hydrolyzable group bonded to a silicon atom and can be crosslinked by form- 
ing a siloxane bond in the presence of moisture. 

[0004] As examples of these organic polymers having reactive silicon groups to be used in the one-pack type cur- 
able resin compositions, JP-A-52-73998 and JP-A-5-1 25272 disclose polyoxyalkylene polymers having reactive silicon 
group which have been already produced industrially and employed in various curable resin compositions (the term 
"JP-A" as used herein means an "unexamined published Japanese patent application"). 

[0005] When exposed to moisture in the atmosphere, curable resin compositions containing organic polymers hav- 
ing reactive silicon group cure to give rubbery substances. By taking advantage of this characteristic, these composi- 
tions are usable in, for example, constructional sealants, adhesives and coating materials. 

[0006] The curable resin compositions to be used in sealants, adhesives and coatings and the rubbery cured sub- 
stances obtained by curing these compositions should have various characteristics. In particular, adhesiveness to sub- 
strates and restoring properties are important factors, in addition to mechanical characteristics such as modulus, 
breaking elongation and breaking strength. Thus, a number of studies have been made hitherto on curable resin com- 
positions containing organic polymers having reactive silicon group. 

[0007] As the results of these studies, rt has been already clarified that mechanical properties (for example, modu- 
lus, breaking elongation and breaking strength) adequate for various uses can be obtained by adding plasticizers such 
as phthalates to curable resin compositions. 

[0008] As JP-B-62-35421 proposes, it has been also known that a high adhesive strength to various substrates can 
be achieved by adding silane coupling agents (for example, aminosilane) to these compositions (the term "JP-B" as 
used herein means an "examined Japanese patent publication") 

[0009] Moreover, JP-B-61-60867 (corresponding to US-A-4,507,469 and EP-B-0 877 541) indicates that curable 
resin compositions having remarkably improved restoring properties can be presented by using stannous organic car- 
boxylates as a curing catalyst. 

[001 0] Based on these ordinary techniques, the present inventors have made studies on a one-pack type curable 
resin composition containing a compound having reactive silicon group in its molecule (for example, aminosilane) as an 
adhesiveness imparting agent a stannous catalyst as a curing catalyst and a plasticizer (for example, a phthalate) to 
give a one-pack type curable resin composition satisfying all of the needs for mechanical characteristics, adhesiveness 
to substrates and restoring properties. As a result, they have found out that the thus obtained composition suffers from 
a serious problem that the catalytic activity is considerably deteriorated and thus the curing speed is largely lowered 
after storing. 

[0011] Accordingly, an object of the invention is to provide a one-pack type curable resin composition which satis- 
fies all of the needs for mechanical characteristics, adhesiveness to substrates and restoring properties and suffers 
from no deterioration in the catalytic activity during storage. 

[001 2] The present inventors have conducted intensive studies to solve problems as described above. As a result, 
they have found out that a decrease in the activity and/or inactivation of a curing catalyst are not caused by the adsorp- 
tion of the catalyst species by an inorganic filler or the denaturation thereof, as having been assumed in general, but by 
a completely different phenomenon, thereby solving the problem. They have surprisingly found out a novel fact that in 
a case where a stannous curing catalyst exists together with a phthalate plasticizer or a hydrolyzable silyl group-con- 
taining compound, no decrease in the activity is observed regardless of the presence of an inorganic filler, while the 
activity of a stannous curing catalyst is deteriorated in a case where the stannous curing catalyst exists together with a 
phthaJate plasticizer and a hydrolyzable silyl group-containing compound due to a reaction in which these three reac- 
tants participate. Based on this finding, the present inventors have successfully found out that a one-pack type curable 
resin composition having a high storage stability (i.e., suffering from no decrease in the catalytic activity during storage) 
can be obtained by using a non-phthalate plasticizer having no phthalate structure in its molecule as a plasticizer to be 
used in controlling the viscosity and mechanical characteristics of the one-pack type curable resin composition in the 
presence of a stannous curing catalyst employed as curing catalyst and a hydrolyzable silyl group-containing com- 
pound for imparting, for example, adhesiveness to the composition. 
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[0013] Accordingly, the invention relates to a one-pack type curable resin composition which contains an organic 
polymer (a) having at least one reactive silicon group per molecule, a compound (b) having reactive silicon group in its 
molecule, a non-phthalate plasticizer (c) having no phthalate structure in its molecule, and a stannous curing catalyst 
(d). 

[001 4] A preferred embodiment of the invention relates to the one-pack type curable resin composition as described 
above wherein the reactive silicon group in the organic polymer (a) having at least one reactive silicon group per mole- 
cule is an alkoxysilyl group. 

[0015] A still preferred embodiment of the invention relates to the one-pack type curable resin composition as 
described above wherein the compound (b) having reactive silicon group in its molecule is an amino group-containing 
siiane compound (e). 

[0016] A still preferred embodiment of the invention relates to the one-pack type curable resin composition as 
claimed in claim 1 , wherein the non-phthalate plasticizer (c) is at least one selected from the group consisting of an 
aliphatic dibasic acid ester, a glycol ester, an aliphatic ester, a phosphate, an epoxidized plasticizer, an ester plasticizer, 
a polyether plasticizer, a polystyrene, a hydrocarbon plasticizer, and a chlorinated paraffin. 

[0017] A still preferred embodiment of the invention relates to the one-pack type curable resin composition as 
described above wherein the non-phthalate plasticizer (c) is a polyether plasticizer and/or a hydrocarbon plasticizer. 
[0018] A still preferred embodiment of the invention relates to the one-pack type curable resin composition as 
described above wherein the stannous curing catalyst (d) is at least one member selected from the group consisting of 
stannous octylate, stannous stearate, stannous naphthenate and stannous versatate. 

[001 9] The organic polymer (a) having at least one reactive silicon group per molecule to be used in the invention 
is not restricted in the main chain skeleton. Namely, use can be made therefor of those having various main chain skel- 
etons. 

[0020] Particular examples of the organic polymer (a) include polyoxyalkyiene polymers such as polyoxyethylene, 
polyoxypropylene, poiyoxybutylene, polyoxytetramethylene, polyoxyethylene/pdyoxypropyfene copolymer, and poiyox- 
ypropyiene/polyoxybutylene copolymer; hydrocarbon polymers such as ethylene/propylene copolymer, polyisobuty- 
lene, isobutyiene/isoprene copolymer, polychloroprene, polyisoprene, isoprene (or butadiene)/acrylonrtrile 
(and/or)/styrene copolymer, polybutadiene, isoprene or butadiene/acrylonitrile and/or styrene copolymer, and hydro- 
genated polyolefin polymers obtained by hydrogenating these polyolefin polymers; polyester polymers obtained by the 
condensation of dibasic acids (adipic acid, etc.) with glycol or by the ring-opening polymerization of lactones; acrylate 
polymers such as polyacryiates obtained by the radical polymerization of monomers (ethyl acrylate, butyl acrylate. etc.) 
and copolymers of acrylates (ethyl acrylate, butyl acrylate, etc.) with vinyl acetate, acrylonrtrile, methyl methacrylate or 
styrene; graft polymers obtained by the polymerization of the vinyl monomer in the organic polymers as described 
above; polysulfide polymers; polyamide polymers such as nylon 6 obtained by the ring-opening polymerization of e- 
caprolactam, nylon 6,6 obtained by the polycondensation of hexamethylenediamine with adipic acid, nylon 6,10 
obtained by the polycondensation of hexamethylenediamine with sebacic acid, nylon 1 1 obtained by the polyconden- 
sation of e-aminoundecanoic acid, nylon 12 obtained by the ring-opening polymerization of s-aminolaurolactam, and 
nylon copolymers having two or more components selected from the nylons as cited above; polycarbonate polymers 
obtained by, for example, the polycondensation of bisphenol A with carbonyl chloride; and diallylphthalate polymers. 
Among the polymers having the main chain structures as described above, it is preferable to use polyester polymers, 
acrylate polymers, acrylate copolymers, polyoxyalkyiene polymers, hydrocarbon polymers and polycarbonate poly- 
mers. Moreover, it is particularly preferable to use polyoxyalkyiene polymers essentially having repeating units repre- 
sented by the following general formula (1): 

-R 1 -0- (1) 

wherein R 1 represents a divalent organic group which is preferably a linear or branched alkylene group having 1 to 14 
carbon atoms; 

since these polymers have relatively low glass transition temperatures and give cured products having good cold resist- 
ance. 

[0021] Preferable examples of the R 1 in the general formula (1) include linear or branched alkylene groups having 
1 to 14, more preferably 2 to 4, carbon atoms. Particular examples of the repeating units represented by the general 
formula (1) are as follows: 
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CH 2 0- CH 2 CH 2 0 



CH 3 




CH 2 -CO — CH 2 CH 2 CH 2 CH 2 0 

CH 3 

The main chain skeleton of the polyoxyalkylene polymer may consist of either one or two or more repeating units. In 
case of a curable resin composition to be used as, for example, a sealant, it is preferable to employ a polymer having 
oxypropyiene as the main component * 

[0022] The polyoxyalkylene polymer can be synthesized by, for example, a polymerization method with the use of 
an alkali catalyst such as KOH, a polymerization method with the use of an organoaluminum-porphyrin catalyst such 
as a complex obtained by reacting an organoaluminum compound with porphyrin as disclosed in JP-A-61-215623, a 
polymerization method with the use of a double metal cyanide complex catalyst as disclosed in, for example, JP-B-46- 
27250 and JP-B-59-1 5336, though the invention is not restricted thereto. 

[0023] The main chain skeleton of the oxyalkylene polymer may contain other components such as urethane bind- 
ing components so long as the characteristics of the oxyalkylene polymer are not seriously damaged thereby. 
[0024] The urethane binding components as described above are not particularly restricted but include, for exam- 
ple, those obtained by reacting aromatic polyisocyanates such as toluene (tolylene) diisocyanate, diphertylmethane 
diisocyanate and xyiylene diisocyanate; or aliphatic polyisocyanates such as isophorone diisocyanate and hexameth- 
ylene diisocyanate with polyols having the repeating units of the general formula (1 ). 

[0025] The reactive silicon group contained in the polymer (a) is a group which has a hydroxyl group or a hydrolyz- 
able group bonded to a silicon atom and can be crosslinked via the formation of a siloxane bond. Typical examples 
thereof include groups represented by the following general formula (2): 




(2) 



wherein R 2 and R 3 represent each an alkyl group having 1 to 20 carbon atoms, an aryl group having 6 to 20 carbon 
atoms, an aralkyl group having 7 to 20 carbon atoms or a triorganosiloxy group R 4 3 SiO- (wherein R 4 represents a 
monovalent hydrocarbon group having 1 to 20 carbon atoms and three R 4, s may be either the same or different from 
each other), provided that two or more R 2, s or R 3, s, if present, may be either the same or different from each other; X 
represents a hydroxyl group or a hydrolyzable group, provided that two or more X's, rf present, may be either the same 
or different from each other; a is 0, 1 or 2 and b is 0, 1 , 2 or 3, provided that in p repeating units of the following general 
formula (3): 
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5 



Si 



o— 



(3) 



X 



a 



10 



the a's may be either the same or different; and p represents an integer of from 0 to 19, provided that (the sum of a's) 
+ bis not less than 1. 

15 The hydrolyzable group represented by X may be an ordinary hydrolyzable group without particular restriction. Exam- 
ples thereof include hydrogen atom, halogen atoms, alkoxy groups, acyloxy groups, ketoxymate group, amino group, 
amido group, acid amido groups, aminooxy group, mercapto group and alkenyloxy groups. Among these groups, hydro- 
gen atom, alkoxy groups, acyloxy groups, ketoxymate group, amino group, amido group, aminooxy group, mercapto 
group and alkenyloxy groups are preferable. 

20 [0026] As the reactive silicon group, it is still preferable to use an alkoxysilyl group because of its mild hydrolability 
and convenience in handling. 

[0027] One to three hydroxy! groups or hydrolyzable groups can be bonded to a silicon atom. The value "(the sum 
of a's) + b" preferably ranges from 1 to 5. When the reactive silicon group carries two or more hydroxyl groups or hydro- 
lyzable groups, these groups may be either the same or different from each other. 
25 [0028] The reactive silicon group has either one or more constituting silicon atoms. In case of silicon atoms bonded 
via, for example, siloxane bonds, the reactive silicon group may carry about 20 silicon atoms. 
[0029] Reactive silicon groups represented by the following general formula (4): 



wherein R 3 , X and b are each as defined above; are preferable from the viewpoint of availability. 

[0030] Particular examples of R 2 and R 3 in the general formulae (3) and (4) include alkyi groups such as methyl 

group and ethyl group, cycloalkyl groups such as cyclohexyl group, aryl groups such as phenyl group, aralkyl groups 

40 such as benzyl group, and triorganosiloxy groups represented by R 4 3 SiO- (wherein R 4 represents, for example, a 
methyl group or a phenyl group). Among these groups in R 2 and R 3 , a methyl group is preferable. Particularly preferable 
examples of the structure of the reactive silicon group include trimethoxysiiyl group, methyidimethoxysilyl group, tri- 
ethoxysilyl group and methyldiethoxysilyl group. Either reactive silicon group of a single type or a mixture of reactive sil- 
icon groups of two or more types may be employed. 

45 [0031 ] The reactive silicon group may be introduced by ordinary methods. For example, the following methods are 
usable therefor. 

(A) An organic polymer having a functional group (for example, hydroxyl group) in its molecule is reacted with an 
organic compound having an active group reactive with the functional group and an unsaturated group to give an 

so organic polymer having the unsaturated group. Alternatively, an organic polymer having an unsaturated group is 
obtained by the copolymerization with an unsaturated group-containing epoxy compound. Next, the reaction prod- 
uct thus obtained is treated with a hydrosilane having reactive silicon group to give a hydrosilyl. 

(B) An organic polymer having an unsaturated group obtained as in (A) is reacted with a compound having mer- 
capto group and reactive silicon group. 

55 (C) An organic polymer having a functional group (for example, hydroxyl group, epoxy group, or isocyanate group) 
in its molecule is reacted with a compound having a functional group reactive with the former functional group and 
reactive silicon group. 



30 
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[0032] Among these methods, it is preferable to use the method (A) or the method (C) wherein a polymer having 
terminal hydroxyl group is reacted with a compound having isocyanate group and reactive silicon group. 
[0033] The polymer used as the component (a), which may be either a linear or branched one, preferably has a 
molecular weight of from about 500 to 50,000, more preferably from 1 ,000 to 30,000. Preferably, this polymer contains 
at least one. preferably 1 .1 to 5, reactive silicon groups per molecule. Then the polymer has less than 1 reactive silicon 
group per molecule, only insufficient curability may be achieved. When it has an excessively large number of reactive 
silicon groups, on the other hand, the network structure thereof becomes too dense and thus no favorable mechanical 
characteristics may be achieved. 

[0034] Particular examples of the component (a) include those disclosed in JP-B-45-36319, JP-B-46-12154, JP-A- 
50-156599, JP-A-54-6096, JP-A-55-13767, JP-A-55- 13468, JP-A-57-164123, JP-B-3-2450. US-A-3,632,557, US-A- 
4,345,053, US-A-4,366,307 and US-A-4,960,844, and oxyalkylene polymers having high molecular weight and narrow 
molecular weight distribution (i.e., having a number-average molecular weight of 6,000 or more and an Mw/Mn ratio of 
1 .6 or less) disclosed in JP-A-61 -197631 , JP-A-61-215622, JP-A-61-215623 and JP-A-218632, though the invention is 
not restricted thereto. 

[0035] Either one of these organic polymers having reactive silicon group or a mixture of two or more of the same 
may be used. It is also possible to use an organic polymer prepared by blending vinyl polymers having reactive silicon 
group. 

[0036] Processes for producing an organic polymer by blending vinyl polymers having reactive silicon group are 
disclosed, for example, in JP-A-59-1 22541, JP-A-63-1 12642 and JP-A-6-1 72631. A preferable example thereof is one 
wherein a copolymer composed of an acryiate monomer unit or a methacrylate monomer unit having an alky] group 
having 1 to 8 carbon atoms which carries reactive silicon group and has a molecular chain substantially represented by 
the following general formula (5): 

R 5 
I 

CH 2 -C— (5) 

COOR 6 

wherein R 5 represents a hydrogen atom or a methyl group; and R 6 represents an alkyl group having 1 to 8 carbon 
atoms; 

and an acryiate monomer unit and/or an alkyl methacrylate monomer unit having an alkyl group having 1 0 or more car- 
bon atoms represented by the following general formula (6): 

R 5 
I 

CH 2 — C — 

I 7 
COOR 



wherein R 5 is as defined above; and R 7 represents an alkyl group having 10 or more carbon atoms; 
is blended with an organic polymer having reactive silicon group. 

[0037] Examples of the R 6 in the general formula (5) include alkyl groups having 1 to 8, preferably 1 to 4 and still 

preferably 1 or 2, carbon atoms such as methyl group, ethyl group, propyl group, n -butyl group, t -butyl group and 2-ethy- 

ihexyl group. The alkyl group of R 6 may be either a single group or a mixture of two or more groups. 

[0038] Examples of R 7 in the general formula (6) include long-chain alkyl groups having 10 or more, usually 10 to 

30 and preferably 10 to 20. carbon atoms such as lauryl group, tridecyl group, cetyl group, stearyl group, and behenyl 

group. The alkyl goup of R' may be either a single group or a mixture of two or more groups, similar to R 6 . 

[0039] The molecular chain of the vinyl copolymer substantially consists of the monomer units of the formulae (5) 



(6) 
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and (6). The term "substantially" as used herein means that the sum of the contents of the monomer units of the formu- 
lae (5) and (6) exceeds 50% by weight of the copolymer. It is preferable that the sum of the contents of the monomer 
units of the formulae (5) and (6) is 70% by weight or more. 

[0040] The weight ratio of the monomer unit of the formula (5) to the one of the formula (6) preferably ranges from 
95:5 to 40:60, still preferably from 90:10 to 60:40. Examples of monomer units which may be contained in the polymer 
other than those represented by the formulae (5) and (6) include acrylic acids (for example, acrylic acid and methacrylic 
acid); amido group-containing monomers (for example, acrylamide, methacrylamide, N-methylolacrylamide, and N- 
methylolmethacrylamide), epoxy group-containing monomers (for example, glycidyl acrylate, and glycidyl methacr- 
ylate), and amino group-containing monomers (for example, diethyiaminoethyl acrylate, diethylaminoethyl methacr- 
ylate, and aminoethyl vinyl ether); and other monomer units derived from acrylonitrile, styrene, a-methylstyrene, alkyl 
vinyl ether, vinyl chloride, vinyl acetate, vinyl propionate and ethylene. 

[0041] It is preferable that the copolymer has a number-average molecular weight of from 500 to 100,000 from the 
viewpoint of convenience in handling. 

[0042] The copolymer has reactive silicon group represented by the following general formula (7): 




Si — X d (7) 



wherein R 8 and R 9 represent each an optionally substituted monovalent organic group having 1 to 20 carbon atoms or 
a triorganosiloxy group: X's represent hydroxyl groups or hydrolyzable groups which may be either the same or differ- 
ent; c is an integer of 0. 1 or 2; d is an integer of 0, 1 . 2 or 3, provided that (the sum of c*s) + d is not less than 1 ; and q 
is an integer of from 0 to 1 9. From an economical viewpoint, reactive silicon groups represented by the following general 
formula (8) are preferable: 



rv 3-d 

I (8) 
Si Xd 

wherein R 9 , X and d are each as defined above. 

[0043] To achieve sufficient curability, it is preferable that the copolymer has at least 1 , preferably at least 1.1 and 
still preferably at least 1 .5, reactive silicon groups on average per molecule. 

[0044] Particular examples of the hydrolyzable groups in the formula (7) include halogen atoms, hydrogen atom, 
alkoxy groups, acyloxy groups, ketoxymate group, amino group, amido group, arninooxy group, mercapto group and 
alkenyloxy groups. Among these groups, alkoxy groups such as methoxy group and ethoxy group are preferable 
because of the mild hydrolyzability thereof. 

[0045] Particular examples of R 8 and R 9 in the formula (7) include alkyl groups such as methyl group and ethyl 
group, cycloalkyl groups such as cyclohexyl group, aryl groups such as phenyl group and aralkyl groups such as benzyl 
group. The groups R 8 and R 9 may be each a triorganosiloxy group represented by R 4 3 SiO- (wherein R 4 is as defined 
above). Among all, methyl group is particularly preferable therefor. 

[0046] As another example of the process for producing an organic polymer by blending vinyl polymers having 
reactive silicon group, use may be made of a method wherein a (meth)acrylate monomer is polymerized in the presence 
of an organic polymer having reactive silicon group. Although this method is disclosed in detail, for example, in JP-A- 
59-78223. JP-A-59-168014. JP-A-60-228516 and JP-A-60-228517. the invention is not restricted thereto. 
[0047] The compound (b) having reactive silicon group in its molecule to be used in the invention is a compound 
having at least one reactive silicon group in its molecule and being different from the component (a). When the same 
compound as the component (a) is used as the compound (b) having reactive silicon group in its molecule, it is needless 
to say that no special effect can be established by the addition thereof. 
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[0048] It is further preferable that the compound (b) having reactive silicon group in its molecule to be used in the 
invention has other reactive group(s) in its molecule so that it might undergo some interactions with other components 
of the one-pack type curable resin composition and the surface of a substrate. It is also preferable that the compound 
(b) has a relatively low molecular weight of 1 ,000 or less so that it might exert some favorable effects on the adhesion 
(for example, cohesion) at the adhesion interface. As such a compound, use can be made of those which are commonly 
employed as sflane coupling agents. 

[0049] Particular examples of the silane coupling agents include amino groip-containing silane compounds; epoxy 
group-containing silane compounds such as y<jlytidoxypropyftrimethoxysiIane, r-glycidoxypropyitriethoxysilane, y 
glycidoxypropylmethyldimethoxysilane. and p*(3,4-epoxycyclohexy0ethyltrimethoxysilane; mercapto group-containing 
silanes such as y-mercaptopropyttrimethoxysilane, and y-mercaptopropyidimethoxysilane; vinyl-type unsaturated 
group-containing silanes such as vinyltriethoxysilane, vinyltrimethaxysilane, y-methacryloyloxypropyttrimethoxysilane, 
and y-acryloyloxypropylmethytdimethoxysilane; chlorine atom-containing silanes such as rchloropropyforimethoxysi- 
lane; isocyanate group-containing silanes such as r'socyanatopropyltriethoxysilane, and y-isocyanatopropylmethyld- 
imethoxysilane; and hydrosilanes such as methyidimethoxysilane, trimethoxysilane, and methyldiethoxysilane, though 
the invention is not restricted thereto. 

[0050] Among these compounds, an amino group-containing silane compound (e) is preferable from the viewpoint 
of imparting adhesiveness. 

[0051] The amino group-containing silane compound (e) may be an arbitrary one so long as it carries amino group 
and reactive silicon group in its molecule. Particular examples thereof include y-aminopropyltrimethoxysilane, y-amino- 
propyttriethoxysilane, ramninopropylmethyidimethoxysilane, N-(p-aminoethyO-r-amninopropyltrimethoxysiiane, N-(0- 
aminoethyl)-Y-aminopropyltriethoxysilane, N-(p-aminoethyl)-y-aminopropyldimethQxysilane, and 1 ,3-diaminoisopropylt- 
rimethoxysilane. However, the invention is not restricted thereto and use can be made therefor of amino group-contain- 
ing silane compounds commonly employed in the art Either one of these amino group-containing silane compounds or 
a mixture of two or more thereof may be used. 

[0052] Among the amino group-containing silane compounds as cited above, it is particularly preferable from the 
viewpoint of availability to use y-aminopropylmethyldimethoxysilane. N-(p-aminoethyl)-Y-aminopropyttrimethoxysilane. 
or N-(p-aminoethyl)-y-aminopropyidimethoxysilane. It is still preferable to use one having two or more amino groups, 
since high adhesive strength can be achieved thereby. 

[0053] It is also preferable to use, as the compound (b) having reactive silicon group in its molecule, a reaction prod- 
uct obtained from two or more silane coupling agents. It is particularly preferable to use a product obtained by reacting 
an amino group-containing silane compound with an epoxy group-containing silane compound, or a product obtained 
by reacting an amino group-containing silane compound with a methacryloxy group-containing silane compound, as 
shown in JP-A-57-1 82350, since high adhesive strength can be achieved thereby. 

[0054] It is also possible fo use, as the compound (b) having reactive silicon group in its molecule, two or more 
silane coupling agents without performing any preliminary reaction. More particularly speaking, it is preferable to use, 
for example, a combination of an amino group-containing silane compound with an epoxy group-containing silane com- 
pound, a combination of an amino group-containing silane compound with an isocyanate-containing silane, or a com- 
bination of an epoxy group-containing silane compound with an isocyanate-containing silane, since high adhesive 
strength can be achieved thereby. It is also preferable to use a silane coupling agent seemingly capable of elevating the 
adhesive strength (for example, the amino group^containing silane compound (e)) together with vinyltrimethoxysilane 
as a dehydrating agent for improving the storage stability. 

[0055] As the non-phthalate plasticizer (c) to be used in the invention, use may be made of a compound having no 
phthalate structure, which inactivates the stannous curing catalyst (d) in the coexistence of the compound (b) having 
reactive silicon group in its molecule, and being capable of controlling the viscosity and the mechanical characteristics 
of the one-pack type curable resin composition. Examples of such compounds include aliphatic dibasic acid esters such 
as dioctyl adipate, isodecyl succinate, and dibutyl sebacate; glycol esters such as diethylene glycol dibenzoate, and 
pentaerythritol ester; aliphatic esters such as butyl oleate and methyl acetylricinolate; phosphates such as tricresyl 
phosphate, trioctyl phosphate, and octyldiphenyi phosphate; epoxidized plasticizers such as epoxidized soybean oil, 
epoxidized linseed oil, and epoxidized benzyl stearate; ester plasticizers such as polyesters of dibasic acids with diva- 
lent alcohols; polyether plasticizers such as polypropylene glycol and its derivatives; polystyrenes such as poly-a-meth- 
ylstyrene, and polystyrene; hydrocarbon plasticizers such as polybutadiene. polychloroprene, polyisoprene. 
polyisobutene, paraffin-type hydrocarbons, naphthene-type hydrocarbons, and paraffin/nap hthene mixture-type hydro- 
carbons; and other plasticizers such as butadiene/acrylonitrile copolymer and chlorinated paraffins. Either one of these 
plasticizers or a mixture of two or more thereof may be employed. Among these plasticizers, it is preferable, from the 
viewpoint of hydrolysis resistance, to use polyether plasticizers such as polypropylene glycol and its derivatives; poly- 
styrenes such as poly-a-methylstyrene, and polystyrene; hydrocarbon plasticizers such as polybutadiene, butadi- 
ene/acrylonitrile copolymer, polychloroprene. polyisoprene, polyisobutene, and paraffin; and non-ester plasticizers 
having no ester bond in the molecule such as chlorinated paraffins Rom the viewpoint of weathering resistance, it is 
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still preferable to use polyether plasticizers (for example, polypropylene glycol and its derivatives), polyisobutene and 
paraffin having no unsaturated bond in the main polymer chain. It is still preferable, from the viewpoint of coating stain- 
ing properties, to use a polyoxyalkylene, wherein organic group has been introduced into more than 50% of the poly- 
oxyalkylene polyol molecular chain ends, as a polyether plasticizer. Moreover, an allyl-ended polyoxypropylene, 
s wherein allyl group has been introduced as an organic group into more than 80% of the molecular chain ends, is par- 
ticularly preferable from the viewpoint of mortar waterproof adhesiveness. 

[0056] It is also possible to use a compound having a relatively low molecular weight as the non-phthalate plasti- 
cizer (c), so long as the objects of the invention are not damaged thereby Examples of such a compound include aro- 
matic hydrocarbon solvents such as toluene, and xylene; ester solvents such as ethyl acetate, butyl acetate, amyl 

10 acetate and cellosolve acetate; and ketone solvents such as methyl ethyl ketone, and methyl isobutyi ketone. 

[0057] As the stannous curing catalyst (d) to be used in the invention, use may be made of a stannous curing cat- 
alyst which can promote the reaction of the reactive group of the curable organic polymer (a) having reactive silicon 
group cnosslinkable via the reaction in the one-pack type curable resin composition. Examples of such a curing catalyst 
include stannous octylate, stannous stearate, stannous naphthenate and stannous versatate, though the invention is 

is not restricted thereto. Either one of these curing catalysts or a mixture of two or more thereof may be used, it is also 
preferable from the viewpoint of curability to use an amine compound together with the curing catalyst. Examples of the 
amine compound include amine compounds such as butylamine. octyiamine, laurylamine, dibutylamine, monoeth- 
anolamine, diethanolamine, triethanolamine, diethylenetriamine, triethyienetetramine, oleylamine, cyclohexylamine, 
benzyiamine, diethylaminopropylamine, xylylenediamine, triethylenediamine, guanidine, diphenylguanidine, 2,4,6- 

20 tris(dimethylaminomethyl)phenol, morpholine, N-methylmorpholine, 2-ethyl-4-methylimidazole, 1 ,8-diazabicy- 
do(5,4,0)undecene-7 (DBU), and carboxylic acid salts thereof; low-molecular weight polyamide resins obtained from 
polyamines in excess with polybasic acids; and products obtained by reacting polyamines in excess with epoxy com- 
pounds, though the invention is not restricted thereto. It is still preferable to use stannous dioctylate with laurylamine, 
since the curing speed can be easily controlled thereby To achieve a sufficient curing speed, it is preferable to use 0.5 

25 to 1 0 parts by weight, per 1 00 parts by weight of the curable organic polymer in the main agent, of stannous dioctylate 
and 0.1 to 10 parts by weight of laurylamine. 

[0058] It is also possible to use curing catalysts other than the stannous curing catalyst (d). so long as the effects 
of the invention are not damaged thereby. Examples of such catalysts include trtanates such as tetrabutyl titanate, 
tetrapropyl titanate, tetraisopropyi titanate, and titanium tetraacetylacetonate; organotin compounds such as reaction 

30 products obtained from dibutyltin dilaurate, dibutyltin maleate, cfbutyltin diacetate and dibutyltin oxide with phthalates, 
and dibutyltin diacetylacetonate; organoaluminum compounds such as aluminum trisacetylacetonate, aluminum tri- 
sethylacetoacetate, and diisopropoxyaluminum ethylacetonate; products obtained by reacting bismuth salts (for exam- 
ple, bismuth-tris(2-ethylhexoate), and bismuth-tris (neodecanoate)) with organic carboxylic acids or organic amines; 
chelate compounds such as zirconium tetraacetylacetonate, and titanium tetraacetylacetonate; organic lead com- 

35 pounds such as lead octylate; and organic vanadium compounds. 

[0059] The one-pack type curable resin composition according to the invention may be one which contains, as the 
essential components, an organic polymer (a) having at least one reactive silicon group per molecule, a compound (b) 
having reactive silicon group in its molecule, a non-phthalate plasticizer (c) having no phthalate structure in its molecule, 
and a stannous curing catalyst (d). With respect to the mixing ration, it is preferable that the content of stannous curing 

40 catalyst ranges from 0.01 to 10 parts by weight, and the content of the compound (b) having reactive silicon group 
ranges from 0.01 to 100 parts by weight, each per 100 parts by weight of the organic polymer (a). By taking the effect 
of imparting adhesiveness into consideration, it is preferable that the content of the compound (b) having reactive sili- 
con group is at least 0. 1 part by weight. To achieve favorable adhesion even to substrates with poor adhesion properties 
(for example, mortar), it is still preferable to use the compound (b) in an amount of at least 1 part by weight. The content 

45 of the non-phthalate plasticizer (c) preferably ranges from 1 to 1,000 parts by weight. To obtain a cured matter having 
a favorable rubber elasticity, it is still preferable that the content of the non-phthalate plasticizer (c) is from 10 to 500 
parts by weight. It is paticularly preferable that the organic polymer (a) is one wherein the reactive silicon group is an 
alkoxysilyi group and the main chain skeleton is a polyoxyalkylene polymer , and the compound (b) is an amino-group 
containing silane compound, the non-phthalate plasticizer (c) is a polyether plasticizer and/or a hydrocarbon plasticizer, 

so and the stannous curing catalyst (d) is stannous octylate. 

[0060] In addition to the components as described above, the one-pack type curable resin conrposition according 
to the invention may contain, if needed, various additives such as fillers, epoxy resins, epoxy curing agents, anti -sag- 
ging agents, colorants, reinforcing resins, storage stability improvers, anti-aging agents, ultraviolet absorbers, anti- 
ozone degradation agents, photostabilizers. amine-based radical chain terminators, phosphorus-based peroxide 

55 decomposers, lubricating agents, pigments and foaming agents. 

[0061 ] As the above-mentioned fillers, use can be made of, for example, reinforcing fillers such as fumed silica, pre- 
cipitated silica, silicic anhydride, aqueous silicic acid and carbon black; and fillers such as calcium carbonate, magne- 
sium carbonate, diatomaceous earth, calcined clay, clay, talc, kaolin, titanium oxide, bentonite, organic bentonite, ferric 



EP 1 041 119 A2 

oxide, zinc oxide, active zinc white, glass balloon, Shirasu balloon, organic balloon, organic fbers, and inorganic fibers. 
[0062] To obtain a composition having a high viscosity by using these fillers, a favorable result can be achieved by 
using a filler selected mainly from among fumed silica, precipitated silica, silicic anhydride, aqueous silicic acid, carbon 
black, surface-treated fine calcium carbonate, calcined day, clay and active zinc white in an amount of from 1 to 300 
5 parts by weight per 100 parts by weight of the non-phthalate plasticizer (c). To obtain a composition having a low vis- 
cosity, a favorable result can be achieved by using a f flier selected mainly from among titanium oxide, calcium carbon- 
ate, magnesium carbonate, talc, ferric oxide, zinc oxide and Shirasu balloon in an amount of from 5 to 500 parts by 
weight per 100 parts weight of the non-phthalate plasticizer. Either one of these fillers or a mixture of two or more 
thereof may be used. 

io [0063] Examples of the epoxy resins include fire retardant epoxy resins such as epichlorohydrin/bisphenol A epoxy 
resin, epichlorohydrin/bisphenol F epoxy resin and glycidyl ether of tetrabromobisphenol A, novolak epoxy resin, hydro- 
genated bisphenol A epoxy resin, bisphenol A propylene oxide adduct glycidyl ether epoxy resin, glycidyl ether p-oxy- 
benzoate epoxy resin, m-aminophenol epoxy resin, diaminodiphenylmethane epoxy resin, urethane-modified epoxy 
resin, various alicyclic epoxy resins, N,N-glycidylaniIine, N,N<jiglycidyl-o-toluidine, triglycidy! isocyanurate, polyhydric 

75 alcohol glycidyl ethers such as polyalkylene glycol diglycidyl ether and glycerol, and epoxidized unsaturated polymers 
such as hydantoin epoxy resin and petroleum epoxy resin. However, the invention is not restricted thereto and epoxy 
resins commonly employed in the art are usable therefor. Either one of these epoxy resins or a mixture of two or more 
thereof may be used. 

[0064] Among the epoxy resins as cited above, it is preferable to use those having at least two epoxy groups per 
20 molecule, since such a material has a high reactivity in curing and the resultant cured product can easily form a three- 
dimensional network. It is still preferable to use, for example, bisphenol A epoxy resins or novolak epoxy resin. 
[0065] As the epoxy curing agents, use may be made of amino compounds and ketimine compounds. Particular 
examples of the amino compounds include butylamine, octylamine, dibutyiamine, monoethanolamine, diethanolamine, 
triethanolamine, diethylenetriamine, triethylenetetramine, oleylamine, cyciohexyiamine, benzylamine, diethylaminopro- 
25 pylamine, xylylenediamine, triethylenediamine, guanidine, diphenylguanidine, 2,4,6-tris(dimethylaminomethyl)phenol, 
morphdine. N-methyimorpholine, 2-ethyl-4-methylimidazole, and 1,8-diazabicyclo{5,4,0)undecene-7 (DBU). However, 
the invention is not restricted thereto and amino compounds commonly employed in the art are usable therefor. Either 
one of these amine compounds or a mixture of two or more thereof may be used. 

[0066] Examples of the ketimine compounds include compounds represented by the following general formula (9): 

30 



35 




40 

wherein R 10 and R 11 represent independently a hydrogen atom, an alkyl group having 1 to 6 carbon atoms or a phenyl 
group; Z represents an organic group; and 1 is 1 , 2 or 3; which can be obtained by a condensation reaction between an 
amine compound with a carbonyl compound. 

45 [0067] To synthesize the ketimine compounds, use may be made of ordinary amine compounds and carbonyl com- 
pounds. As the amine compounds, use can be made of, for example, diamines such as ethylenediamine, propylenedi- 
amine, trimethylenediamine, tetramethylenediamine, 1 ,3-diaminobutane, 2,3-diaminobutane, pentamethyienediamine, 
2,4-diaminopentane, hexamethylenediamine, p-phenylenediamine, and p.p'-biphenylenediamine; polyvalent amines 
such as 1,2,3-triaminopropane, triamtnobenzene, tris(2-aminoethyl)amine, and tetra(aminomethyl) methane; poly- 

50 alkylenepdyamines such as diethylenetriamine, triethylenetriamine, and tetraethylenepentamine; polyoxyalkylene 
pdyamines; and amino group-containing silane compounds such as y-aminopropyttriethoxysilane. N-(p-aminoethyl)-r- 
aminopropyftrimethoxysilane, and N-(p-aminoethyi)-y-aminopropylmethy!dimethoxysilane. As the carbonyl compounds, 
use can be made of, for example, aldehydes such as acetaldehyde, propionaldehyde, n-butylaidehyde, isobutyialde- 
hyde. diethylacetaldehyde, glyoxal. and benzaldehyde; cyclic ketones such as cyclopentanone. trimethylcyclopen- 

55 tanone, cyclohexanone, and trimethylcydohexanone; aliphatic ketones such as acetone, methyl ethyl ketone, methyl 
propyl ketone, methyl isopropyl ketone, methyl isobutyl ketone, diethyl ketone, dipropyl ketone, diisopropyl ketone, dib- 
utyl ketone, and diisobutyl ketone; and p-dicarbonyl compounds such as methyl acetylacetone acetoacetate, ethyl ace- 
toacetate, dimethyl malonate. diethyl malonate, methyl ethyl malonate and dibenzoylmethane. 



in 
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[0068] In case of a ketimine having an imino group, the imino group may be reacted with, for example, styrene 
oxide; glycidyl ethers such as butyl glycidyl ether, and allyl glycidyl ether; and glycidyl esters. Either one of these 
ketimine compounds or a mixture of two or more thereof may be used. 

[0069] Examples of the anti-sagging agents include hydrogenated castor oil derivatives; polyamide wax; and metal 
5 soaps such as calcium stearate. aluminum stearate and barium stearate. These anti-sagging agents may be optionally 
mixed with each other, depending on the purpose of the use or in case of being needed due to the addition of fillers and 
reinforcing matters. 

[0070] As the colorants, use may be made of inorganic pigments, organic pigments and dyes commonly employed 
in the art, if needed. 

io [0071] The one-pack type curable resin composition according to the invention may be produced by, for example, 
the following process. The organic polymer (a) having at least one reactive silicon group per molecule, the compound 
(b) having reactive silicon group in its molecule, the non-phthalate plastidzer (c), the stannous curing catalyst (d) and 
other additives are mixed together with the use of a mixer, a roll, or a kneader. Then the obtained mixture is completely 
dehydrated by, for example, heating under reduced pressure to lower the moisture content to a level substantially caus- 

is ing no problem. The thus obtained one-pack type curable resin composition is stored in a moisture-proof sealed con- 
tainer. 

[0072] The one-pack type curable resin composition according to the invention thus obtained would not cure during 
the storage period. When it is taken out from the container and exposed to the moisture in the atmosphere, it rapidly 
cures from the surface. Owing to these characteristics, the curable resin composition of the invention is useful as elastic 
, 20 sealings in buildings, construction works and industrial uses. It is also usable as paints, adhesives, sealants and coat- 
ings. 

[0073] The present invention will now illustrated in greater detail with reference to the Examples in view of the Com- 
parative Examples, but the present invention should not be construed as being limited thereto. 

25 EXAMPLE 1 

[0074] 100 parts by weight of polyoxypropyiene (molecular weight: 18,000, Mw/Mn=1.5) having reactive silicon 

group in its molecule, which had been synthesized by the method described in Synthesis Example 1 of 

[0075] WO- A- 91/13928, 120 parts of surface-treated precipitated calcium carbonate (average particle diameter: 

30 0.07 ^im, Ultra Pflex® manufactured by Pfizer), 50 parts by weight of polypropylene glycol having an average molecular 
weight of 3,000, 20 parts by weight of titanium oxide, 3 parts by weight of hydrogenated castor oil, 1 part by weight of 
styrenated phend employed as an anti-aging agent, 2 parts by weight of vinyrtrimethoxysilane (A-1 71® manufactured 
by Nippon Unicar) employed as a dehydrating agent, 3 parts by weight of N-(p-aminoethyl)-7-aminopropyttrimethoxysi- 
lane (A-1 120® manufactured by Nippon Unicar) employed as an adhesiveness-imparting agent, 3 parts by weight of 

35 stannous octylate employed as a curing catalyst, and 0.5 parts by weight of lauryiamine were kneaded together in a 
substantially moisture-free state and then stored in a moisture-proof sealed container to give a one-pack type curable 
resin composition. 

EXAMPLE 2 

40 

[0076] A one-pack type curable resin composition was obtained as in Example 1 but using 100 parts by weight of 
polyoxypropyiene having reactive silicon group in its molecule, which had been synthesized by the method described 
in Production Example of JP-A-2-1 45674, as the polyoxypropyiene having reactive silicon group in its molecule and 50 
parts by weight of a hydrocarbon compound (Exxsol D-130 manufactured by Exon Chemical) as a substitute for the 
45 polypropylene glcyol having an average molecular weight of 3,000. 

EXAMPLE 3 

[0077] A one-pack type curable resin composition was obtained as in Example 1 but further adding 2 parts by 
so weight of 7-glycidoxypropyltrimethoxysilane (A-1 87® manufactured by Nippon Unicar) as an adhesiveness-imparting 
agent. 

EXAMPLE 4 

55 [0078] A one-pack type curable resin composition was obtained as in Example 3 but using 50 parts by weight of 
allyl ether-ended polyoxypropyiene having an average molecular weight of 10,000, wherein allyl ether group had been 
introduced into 97% of the ends thereof, as a substitute for the polypropylene glcyol having an average molecular 
weight of 3,000. 
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COMPARATIVE EXAMPLE 1 

[0079] A one-pack type curable resin composition was obtained as in Example 1 but using 50 parts by weight of a 
phthalate, i.e., DIDP (diisodecyl phthaiate) as a substitute for the polypropylene glycol having an average molecular 
weight of 3,000. 

COMPARATIVE EXAMPLE 2 

[0080] A one-pack type curable resin composition was obtained as in Example 1 but adding no N-(p-aminoethyl)-r 
aminopropyitrimethoxysilane (A-1 120®) as an adhesiveness-imparting agent 

COMPARATIVE EXAMPLE 3 

[0081 ] A one-pack type curable resin composition was obtained as in Example 1 but using 1 part by weight of dib- 
utyltin laurate as a substitute for the stannous octylate curing catalyst. 

[0082] By using the compositions of Examples 1 to 4 and Comparative Examples 1 and 2 thus obtained, samples 
were prepared in accordance with the method as specified in ASTM C794 and evaluated in adhesiveness. To evaluate 
under more strict conditions, adhesion samples were formed without applying any primer to the adhesion interface. The 
compositions of Examples 1 to 4 and Comparative Examples 1 and 2 were stored at 50°C under a humidity of 55% for 
4 weeks. Before and after the storage, each composition was poured into the lid of an ointment can and the curing 
speed was evaluated at 23°C under a humidity of 55%. The time required until a thin film formed on the surface of the 
composition became noticeable by touching slightly was regarded as the curing time. As a result, the compositions of 
Comparative Example 1 showed a remarkably retarded curing, while the compositions of Examples 1 to 4 showed no 
retarded curing, thus exhibiting very good storage stability, as shown in Table 1. The cured product of Comparative 
Example 2 showed poor adhesiveness to various base materials, while the cured products of Examples 1 to 4 showed 
each favorable adhesiveness to various base materials. 



TABLE 1 







Example 


Comp. Example 






1 


2 


3 


4 


1 


2 


Curing prop- 
erties (50°C, 
4 weeks) 


Before stor- 
age 


6hrs 


5hrs 


6 hrs 


6 hrs 


5 hrs 


6 hrs 


After storage 


6hrs 


5 hrs 


6 hrs 


6 hrs 


30 hrs 


6 hrs 


Substrate A 


Adhesion 
strength 
(N/25.4 mm) 


54 


62 


76 


76 


65 


15 




Adhesion 


0 


© 


© 


© 


© 


X 


Substrate B 


Adhesion 
strength 
(N/25.4 mm) 


56 


59 


73 


73 


63 


15 




Adhesion 


O 


o 


© 


© 


O 


X 



12 
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TABLE 1 (continued) 







Example 


Comp. Example 






1 


2 


3 


4 


1 


2 


Substrate C 


Adhesion 
strength 
(N/25.4 mm) 


33 


35 


65 


65 


35 


12 


Adhesion 


o 


O 


O 


© 


O 


X j 


Substrate A: glass. 

Substrate B: aluminum alloy (anodic oxidation). 
Substrate C: mortar. 

Adhesion strength (N/25.4 mm): measured as in ASTM C794. 
Adhesion: 

©: cohesive failure 90 to 100%. 
O : cohesive failure 20 to 90%. 
x: cohesive failure 0 to 20%. 



[0083] The compositions of Examples 1 to 4 and Comparative Example 3 were each poured into a frame and cured 
at 23°C under a humidity of 55% for 14 days and then at 30°C under a humidity of 55% for additional 14 days. Next, a 
dumbbell (JIS K 6301 No. 3) was produced and bench marks were formed thereon at intervals of 2 cm. After setting at 
23°C at 100% elongation for 24 hours, the setting was relieved and the restoring ratio (bench mark intervals after set- 
ting/bench mark intervals before setting x 100) was measured. As a result, the cured products of Examples 1 to 4 
showed each very excellent restoring properties, as shown in Table 2. 



TABLE 2 



Setting conditions 


Example 


Comparative Example 




1 


2 


3 


4 


3 


23°C, 100% elongation for 24 hrs/ 1 hr after relieving 


94% 


95% 


94% 


95% 


55% 



[0084] A one-pack type curable resin composition having high adhesive strength to various substrates, good stor- 
age stability and excellent restoring properties can be obtained by using, as the essential components, an organic pol- 
ymer having at least one reactive silicon group per molecule, a compound having reactive silicon group in its molecule, 
a non-phthalate plasticizer having no phthalate structure in its molecule and a stannous curing catalyst. 
[0085] While the invention has been described in detail and with reference to specific examples thereof, it will be 
apparent to one skilled in the art that various changes and modifications can be made therein without departing from 
the scope thereof. 

Claims 

1 . A one-pack type curable resin composition which comprises an organic polymer (a) having at least one reactive sil- 
icon group per molecule, a compound (b) having reactive silicon group in its molecule, a non-phthalate plasticizer 
(c) having no phthalate structure in its molecule, and a stannous curing catalyst (d). 

2. The composition of claim 1 , wherein the reactive silicon group in said organic polymer (a) is an alkoxysilyl group. 

3. The composition of claim 1 , wherein said compound (b) is an amino group-containing silane compound (e). 

4. The composition o1 claim 1 , wherein said non-phthalate plasticizer (c) is at least one selected from an aliphatic 
dibasic acid ester, a glycol ester, an aliphatic ester, a phosphate, an epoxidized plasticizer, an ester plasticizer, a 
polyether plasticizer, a polystyrene, a hydrocarbon plasticizer, and a chlorinated paraffin. 

5. The composition of claim 4, wherein said non-phthalate plasticizer (c) is a polyether plasticizer and/or a hydrocar- 
bon plasticizer. 
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The composition of claim 1, wherein said stannous curing catalyst (d) is at least one member selected from the 
group consisting of stannous octylate, stannous stearate, stannous naphthenate and stannous versatate. 
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